Abstract. Natural sand does always contain significant amounts of fine particles, but previous study always assumes that the typical engineering characteristic of clean sand was remarkably representing as to all types of sand matrix soils. Studies reported that additional of plastic fines could either impose additional or reduce the liquefaction resistance of sand matrix soils. Therefore, the aim of this paper is to examine the plasticity behaviour of sand matrix soils through experimental study. The Atterberg Limit test was carried out on plastic fines mixtures and sand matrix soils. Results show that the plasticity behaviour is depending on the type of presenting plastic fines. The absorption of clay mineral is the key element to in manipulating the plasticity behaviour of plastic fines. It can be concluded that the absorption of montmorillonite is better compare to kaolinite.
Introduction
Generally, the soils can be grouped into two main categories, cohesionless and cohesive soils. The engineering behaviour, including the soil strength and deformation for both types of the soils are remarkably influenced by its physical properties [1] [2] [3] . The physical characteristics can be grouped into two categories [4] . The primary physical characteristics are the permanent properties of the soil grain such as the particle density and particle size distribution while the secondary physical characteristics are the changeable properties includes the density state of the soils and moisture content.
In fact, the cohesionless soils are largely influenced by its composition characteristic, such as soil grains, packing density and void ratio, while the cohesive soils influenced by the mineralogy, water content and plasticity. Soils as the naturally occurring materials could be a mixture of both cohesionless and cohesive soils. For example, the natural sand does always contain significant amounts of fine particles, but previous study is always assuming that the typical engineering characteristic of clean sand was remarkably representing as to all types of sand matrix soils. Sand matrix soils are sand dominant soils mixed with little presenting fines; these types of soils are found more likeable than clean sand as demonstrated in several earthquakes.
Numerous laboratory testing was conducted worldwide to investigate on the effect of the presenting plastic fines toward liquefaction susceptibility of sand matrix soils, but the breakthrough is in conflict. Outstanding advances have been achieved on liquefaction susceptibility of cohesionless soil while recent studies trend focuses on the roles of plastic fines in liquefaction susceptibility of sand matrix soils. Studies reported that additional of plastic fines could either impose additional or reduce the liquefaction resistance of sand matrix soils. Most of previous studies only focused on the compositional characteristic as main causes in influencing the liquefaction susceptibility without considering their plasticity behaviour as nature. In fact, it is essential to be able to describe the plasticity behaviour of sand matrix soils in order to express their real engineering characteristics [5] . Therefore, the aim of this paper is to examine the plasticity behaviour of sand matrix soils through experimental study.
Experimental Details
In this study, two types of plastic fines with different plasticity behaviour, both commercially available were mixed at specific percentages by weight to create the plastic fines with various plasticity indexes. The plastic fines are (i) the low plastic fines (white kaolin) manufactured by Kaolin (Malaysia) Sdn Bhd and (ii) the highly plastic fines (green bentonite) manufactured by Halliburton (Malaysia) Sdn Bhd. Then, the plastic fines were added to clean sand at a standardized ratio of 80% of clean sand and 20% of plastic fines by weight because it is the threshold fines content (f th ) of the tested sand matrix soils. The composition ratio of the tested soil to observe the plasticity behaviour of various kinds sand matrix soils specimen are shown in Table 1 . The Atterberg limit test that was carried in this study is liquid limit and plastic limit. The tests were carried out in accordance with British Standard (BS) 1377: 1990 Part 2 Classification Test Clause 4.3 for liquid limit test and Clause 5.3 for the plastic limit test. All specimens were prepared as in its natural state; neither the oven drying method nor the air drying method was carried out. The dry sieving using 425µm sieve was first carried out to remove any soil particles that were retained on 425µm sieve. Then, the liquid limit was obtained by using the cone penetrometer method because this method is easier to be performed and gives more reproducible results. The liquid limit (w L ) is the moisture content at which a soil passes from the liquid to the plastic state while the plastic limit (W P ) is the moisture content at which the specimen becomes too dry to be plastic. The plasticity index (I P ) was then computed by calculating the differences between the liquid limit and plastic limit of a soil.
Results and Discussion
Generally, the cohesive soil should be classified by plotting the plasticity chart. The moisture content with respect to the liquid limit, plastic limit and plasticity index for both plastic fines mixture and sand matrix soils are presented in Fig. 1. From that figure, it show that the kaolin used in this study is silt (MI) since it lay below the A-line in the plasticity chart while the bentonite is actually clay (CE) as it lay between the A and B line.
By compare the result in Fig. 1a and Fig. 1b , the plasticity behaviour of plastic fines is changeable. The plasticity behaviour of plastic fines is less significance as when it mixed into the parent sand. This is because the characteristic of cohesive soils is depending on the moisture content at its current stage. As the amount of the plastic fines decreases, the water required to change from solid state to either the plastic or the liquid state is lesser.
Some researchers believe that plasticity behaviour is highly dependant to the present of the clay fraction (percentages finer than 2µm) but the result in this study shows some disagreement. The clay content for all sand matrix soils is similar as shown in Table 2 , but the value of the Atterberg limits are varied accordingly. In fact, the absorption of clay mineral is the key element. The absorption is largely dependant on the amount of the clay fractions in soils. The absorption of bentonite (montmorillonite) is better compare to kaolin (kaolinite) due to the orientation of the basal planes. This also make the adhesion bond of montmorillonite is generally stronger than kaolinite. 
